If the scale invariance exists in nature, the so-called unparticle physics may become part of reality. The only way to refute or confirm this idea is through the experiments one of which is the Large Hadron Collider (LHC). One of the peculiar properties of the unparticle stuff is that it gives striking multi-photon signals which has been studied through only the unparticle selfinteractions. By considering not only the self-interactions of unparticles but also all the other possible contributions, which are dominant, a detailed study of the processes, within a scalar unparticle scenario, pp → 4γ, pp → 2γ2g, pp → 2γ2ℓ, pp → 4e, pp → 4µ and pp → 2e2µ at √ s = 14
I. INTRODUCTION
After the discovery of the Higgs particle at the Large Hadron Collider (LHC) at CERN [1, 2] , the particle content of the Standard Model (SM) has finally been completed after so many years of desperate search. Despite the fact that SM is extremely successful in describing all existing experimental data, it has still been lacking mechanisms to explain some unsolved problems. For example, it could not explain neutrinos to be massive, does not include gravity, has no dark matter candidate, subsumes the so-called hierarchy problem, etc. Having the Higgs particle at hand, the following three distinct directions will shape the search programs in the current and upcoming experiments: About a decade ago, unparticle physics as a beyond scenario has been introduced in [3, 4] based on the low energy manifestation of a non-trivial scale invariant effective field theory.
In this content, as the simplest choice, a new scalar field (called scalar unparticle U) which is a singlet under SU(2) L group can couple to photons and gluons directly through higher dimensional operators with a cut-off scale Λ U below which interpolating fields emerge with some non-integral scaling dimension d U . The scenario involves rich phenomenology and predicts the existence of scalar unparticle self-interactions [5] [6] [7] [8] , which could give unusually large effects in gluon fusion processes. For example, the gg → U → γγ process leads to enhancement of signals in the Higgs decay channels and the self-interactions of unparticles give rise to signals with different four particle states such as four photons, two photons + two gluons, two photons + two leptons, and four charged leptons. It is interesting that the four photon signal is practically background free and therefore can play a critical role in the discovery of unparticles (for more details see [7, 9] ). It has also been shown that in addition to the contribution to some of these processes through the scalar unparticle self-interactions, there are other single and double unparticle exchange diagrams, making significant contributions (even dominating) to these signals [9] . Hence it is essential to do a complete study of such signals including all contributions.
In the present work, we extend the calculations presented in [9] for the processes pp → 4γ, pp → 2γ 2g to the LHC energy √ s = 14 TeV by making a simulation including basic detector effects, as well as analyzing the other processes with the final states 2γ 2ℓ, e + e − e + e − , µ + µ − µ + µ − , and e + e − µ + µ − at the LHC.
The work is organized as follows. In section II we briefly describe the elements of the unparticle theory, present the specific couplings necessary for our calculations. Unparticle self-interactions and how we treat the vertex function are given in section II A. Section II B covers some details of the scalar unparticle model implementation to MadGraph5. Section III is devoted to the numerical analysis of the processes with different four particles in the final states. In Section IV, we give summary of our work.
II. THEORETICAL FRAMEWORK
The basic idea of the unparticle theory is the existence of scale invariant hidden sector at high energy Λ U . Below the Λ U scale, unparticle physics manifest as interpolating field O having various scaling dimensions and Lorentz structure. One of characteristic property of unparticle operator is that it has a continuous spectral density
where d U is the scale dimension parameter and the factor A d U is determined as;
From this expression, it follows that when d U → 1, Eq. 1 reduces to the massless particle phase space. For this reason, one can suggest that unparticle behaves like a collection of d U massless fields. In the rest of the paper, we restrict ourselves by considering only scalar unparticle. The form of propagator for scalar particle is obtained in [8] 
The phase φ is defined as φ = Arg(−p 2 ) d U . It should be noted that the phase is nonzero in s-channel, while in t and u channels it is equal to zero. For the scalar operator, the unitarity condition leads to d U ≥ 1 [10] . Unparticle operators can interact with the SM particles via exchange of heavy particle with mass M. After integrating out the heavy degrees of freedom, a series of effective operators describing the interaction of the SM particles with unparticles at low energy are obtained. The operators describing the interactions for scalar unparticle with the SM particles are;
The Feynman rules for the scalar unparticle operators with the gg and γγ are
For the calculation of the signals at hand the following two-and three-point correlation functions need to be evaluated [5, 7] 
where
The three-point correlation function is
We take λ A. Unparticle Self-Interaction
The most striking feature of the unparticle scenario is that it enables three-point vertices where a scalar unparticle couples to two other unparticles of the same type and the vertex factor is not of a typical tree level form. Hence it requires special attention. Some promising processes such as pp → γγγγ, pp → γγgg, pp → γγℓℓ, etc. could originate from scalar unparticle self-interactions where the factor C d in Eq. 7 is indeed free at first. However, see the discussion in [9] about various phenomenological bounds on C d as well as in [12] for theoretical considerations. Implementation of the unparticle model in the event generator programs intended for three-level calculations has not been an easy task to achieve due to the structure of the model, such as non-trivial scalar propagator expression and three-point correlation function.
An event generator program that would offer a vast flexibility of applying non-straightforward principles would be the best choice and MadGraph 5 fits the purpose. Another reason why MadGraph 5 has been chosen is that new physics models can be defined as UFO format [13] . There are a couple of advantages in introducing unparticle model as UFO file, one of which is that one may freely write down any Lorentz expression for an arbitrary vertex. In 
While the theoretical calculation within the Standard Model are computed as [16] σ SM (pp → γγ)| |η|<1.44 = 27.3
Here |η| < 1.44 and |η| < 2.5 are the pseudorapidity regions as described above. Once can see from these numbers that the measurements are consistent with the SM predictions by taking the experimental and theoretical uncertainties into account.
If one extends the theoretical framework into unparticle scenario, the theory predictions for the above cross sections would get new indirect contributions as the pure unparticle part, 
III. NUMERICAL ANALYSIS
A numerical analysis will be done by using various kinematical quantities. Let us briefly explain them. If θ and ϕ represent the polar and azimuthal angles in the barrel, respectively, the distance between the particle i and particle j of an event can be defined as
where η i is the pseudorapidity of the particle i, defined as
. Here i and j represent any particle in our signals.
Another kinematical quantity is the invariant mass of the ij-particle system and is defined
is the four-momentum of the particle i(j). This definition can be extended to more than two particles as well. Note also that the broad peaks in the invariant mass distributions do not always correspond to the existence of a new particle and care should be given. Table I . The selection cuts imposed for each channel.
There are two more transverse variables to define. One is the usual transverse momentum of, say, particle i, p where i could be jet, lepton, or photon as well as missing transverse energy, / E T . That is,
Thus, H T can be taken as a measure of the overall energy scale of the process.
The basic cuts applied for each signal are listed in Table II, For almost all signals the unparticle cross sections are around two-three orders of magnitude larger than those of the SM for Λ U = 1 TeV but they become almost the same when Λ U = 3
TeV. A sizable deviation from the background is possible for Λ U around 1TeV. Cross-section Values (pb) Detecting energetic photons at colliders serves many purposes like testing perturbative QCD [16, 19] as well as various commonly used techniques [20] . Their better identification becomes critical since they usually form an important background to various exotic signals of the beyond SM scenarios [21] . Even though measuring photon pair production signal can be done with some precision, it gets harder as the number of photons increases and the SM prediction gets suppressed. Therefore, multi-photon signals are testing grounds for different scenarios and unparticle would be one of them.
In this subsection, we will discuss four photon signal within the unparticle framework and This practically means that heavy particles must be produced so that we get more events with large H T . Additionally, an optimal H T cut value could be determined to reduce the background further if needed. The distributions with respect to the cone size for various photon pairs resemble each other (having similar peak patterns) when comparing the signal with the corresponding SM background. The number of background events are just subdued.
As far as the topology of the events is concerned, among the hardest three photons, the distance between the hardest photon and the second hardest one peaks at larger values than the one between the second and the third. Hence, the hardest and the second hardest must come off from different branches. All possible invariant mass distributions are compared with the largest SM background and an invariant mass cut can further be fixed as well.
The number of signal events as a function of the transverse momenta of the photons at a fixed Λ U = 1 TeV for various d values are presented in Fig. 4 . In each case, only the largest SM background is included, and the photons are labeled in descending order based on their energies. It seems possible to eliminate the background altogether by using an improved cut value. In the case of d U = 1.5 and d U = 1.9 a higher luminosity might be needed for producing enough signal events. 
B. pp → 2γ2g Signal
As compared to the 4γ signal, here we require two photons and at least two gluon jets.
We expect more events for both the signal and for the background. Our findings are depicted For the ∆R ij distributions, two distinct SM backgrounds are preferred to be presented. Λ U = 3
TeV case is not included in the ∆R ij and m ij cases since it looks very much like the SM distribution.
D. pp → 2e2µ Signal
In this part, we discuss the signal with two isolated electrons and two isolated muons at the LHC. The other possibilities, that is, four electrons or four muons, show very similar features. Even though four lepton isolation is considered to be a difficult signal to pursue, Table III . The numeric results are generated with the use of MadAnalysis [22] As seen from the table that the largest significance is for the pp → 2γ2g case with lots of signal events. It should be noted that 2γ2g signal may not be easy to detect due to gluon jet involvement. For the pp → 4γ case, the unparticle effects are sizable only for Λ U = 1
TeV with the scaling parameter d near to its boundary values. As compared to the 4γ case, the situation in the pp → 2γ2ℓ case is similar but for even Λ U = 3 TeV the significance is very close to 5. The background for the pp → 4ℓ is large enough so that the unparticle effects may have a chance to be distinguishable for only (d U , Λ U ) = (1.1, 1 TeV). It should also be noted that the signal over background ratio can be enhanced by doing a further cut optimization, which can be deduced from the distributions shown. For the ∆R ij distributions, two distinct SM backgrounds are preferred to be presented. Λ U = 3
TeV case is not included in the ∆R ij and m ij cases since it looks very much like the SM distribution. 
IV. CONCLUSION
If a scale invariant sector exists and finds ways to interact with the SM fields through heavy mediators, the scenario with some scalar, vector or tensor unparticle has been realized, and the possibility that the unparticle is indeed a scalar seems to be phenomenologically Table III . It seems that indirect unparticle effect could be 
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